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Triniming
solenoid

‘\_ .

1-volume with Lithium, 2—window
(Be/BC/BN), 3—¢lectrical contacts with cavel
for Li, 4—tubing for Lithium in/out



Was considered:

Conceptual design
Windows attachment
Energy Deposition in lens

Magnetic field in surroundings
Lithium Flow
Pressure dynamics

Some engineering for prevention of current flow though lithium duct

More to do:

Stress-strain in windows

Shock waves due to single bunch

Radiation damage conclusion (+remote handling etc)

Drawings for critical components: (feed-through, Lithium duct)

_ Support required




11D [

cornell. edu/pubhc/CBN/ZOlO/CBN10 3/CBN _10-3.pdf

_/,_ >
p: //wwwlns

Set of equations used for modeling could be grouped into three catedtiretsomagnetic,
Hydrodynamic and Thermodynamic.

All three have cross terms linking electric current, fluid fimd temperature relaxation due to
thermo-conductivity, Ohmic heating, fluid motion and frictional heat geimer due to viscose
phenomena.

For solving set of equation we used Partial Differential Equatiove6lexPDE

Model 1 and Model 2 use |
the same equeﬁms;\
model 2 has no mesh in Y
upper and lower layers,
sometimes we excluded
even volume occupied by
windows. g

Boundary conditions
applied on each surface




Dimensions of modeinm All dimensions are subject of optimization process.

In volume without material artificial values for electric contility, viscosity, heat
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Sed/oltageas given parameter (<5V).

Set of equations:

E=—Z—'t6‘—grad(U) B=rot(A) B=umH |j=cOE+VxB) div(j)=0

div(grad(A)) + ulj, =0  div(grad(A))+ ulj, =0  div(grad(A,))+ulj, =0

Total energy deposition into the lens by feeding current duringAihean be

calculated as
AT AT

.2
8Qu = [atf (E)av=[a[Lav (=680 Joules)
\Y \Y

0 0

div(j) = —(div(a D‘?) + div(o [grad(U)) + div(o [V x é))] =0

div(grad(A)) + 1Tl = div(grad(A) - 22~ B o + B T xB), =0

Parabolic (diffusion) equation: skin layer etc



\Voltage applied to cylindrical surfaces

ithium Lens with Viscous Flow-3 10:52:11 1/8/10
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Viscose flow Jan 4 2010: Cycle=20 Time= 4.3125e-4 dt= 2.5563e-5 P2 Nodes=17664 Cells=12143 RMS Err= 0.0618
Dissipation= 71317.97 Integral= 2.354730e-6

Potential. By blue arrows it is shown the Lithium flow, by red-current.

Different combinations of directions (current/flow) were used.




age applied to the lens is a combination of three harmonics:
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Lithium Lens with Viscous Flow-3
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Pulse delayed by/10
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Viscose flow Jan 4 2010: Cycle=88 Time=2.4381e-3 dt=2.6118e-5 P2 Nodes=17741 Cells=12198 RMS Ernr=0.0609

Viscose flow Jan 4 2010: Cvcle=160 Time= 4.5531e-3 dt= 2.6118e-5 P2 Nodes=17741 Cells=12198 RMS Err= Power of dissipation, Watts= 126634.3

Electric currentAmpers :
Sl Vectors of current density. Value of current

density represented by the length of arrows

and theirs color. 5



Lithium Lens with Viscous Flow-3
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Viscose flow Feb 20 2010 electricity only: Cycle=10 Time= 6.9000e-5 dt= 9.1131e-6 P2 Nodes=98387 Cells=69850 RMS

Integral= 1.163397e-4

EqualB-values counter plot

Lithium Lens with Viscous Flow-3

Field across

Lithium Lens with Viscous Flow-3
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Viscose flow Dec 12 2009: Grid#4 P2 Nodes=74816 Cells=53615 RMS Err= 2.8e-4
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Vector plot of B in midplane of model.
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Lithium Lens with Viscous Flow-3 16:42:01 12/14/09
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Longitudinal field dependence at 0.8 radius of
lithium rod (which is 0.8 5.5mm =4.4 mm)

Imization of dimensions were done:
Increased length of Lithium cylinder from 0.6 ter;
Transition volume between cylinder and toroidalrobar squeezed,;

= Integral as function of radial displacement geametry corrected, 21.6 kA, ri=0.55 ¢m, hi=45 cm hw=0.3 ¢m

no0eT

0,008

0007

0,006

orrected

Integral c:

0,003

0002

0.001]

0,005

0,004

0

Field integral as function of radial displacement
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As the Lithium duct runs from inlet to
outlet where the voltage applied, the
current runs through the body of lens,
but some fraction is running through the
duct

Current runs not through the body of lens only, but through the Lithium duct (pubep)
also.

Length of duct ~2m, diameter ~ 7mm, so resistance is higher in 2004D0J times
So this back current is ~0.25% of the one running though the lens i.e. 70kA/400~175 A- not

big, but it could be eliminated by insertion of non conducting interrupter, which iscdevi
similar to gear pump, but with non-conducting case and gears .
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isgoverned by v 101

Second viscosity; not used

—

V|sc05|ty
ov

P + (vuﬁ)vj + grad(P) - Pmv - (Z/+%/7)grad(div(\7)):(TXI§)

In FlexPDE Grammatik components of velocity look like the following

vx: density*(dt(vx)+vx*dx(vx)+vy*dy(vx)+vz*dz(vx))+ dx(p)-visc*div(grad(vx))= xcomp(cross(J,B))
vy: density*(dt(vy)+vx*dx(vy)+vy*dy(vy)+vz*dz(vy))+ dy(p)-visc*div(grad(vy))= ycomp(cross(J,B))
vz: density*(dt(vz)+vx*dx(vz)+vy*dy(vz)+vz*dz(vz))+dz(p)-visc*div(grad(vz)) = zcomp(cross(J,B))

FlexPDE-version 6 allows writing this system as single vectortieua

density*(dt(v)+dot(v,grad(v)))+grad(p)-visc*div(grad(v)) — ¥/;*visc*grad(div(v))=cross(J,B)

For pressure
o 0°P
dlv(grad(P)){ } div(j x B) - p i v(— +(V D]])VJ +Cp Eiv){- O, 1)}
: t\
Not used in this modeling
FlexPDE:

p: div(grad(p))=density*div(dt(v)+dot(v,grad(v)))+div(cross(J,B))+1e5*visc/r*2*div(v)
+visc/3*div(grad(div(v))) {+1/c02*dt(dpt)-G/c02*Qdott }

12




'S smoothly: i
p_out= IF t<tau/10 THEN p_in-delp*10*(t/tau) else p_in-o}\elp

tau = t=2.3ns

Lithium Lens with Viscous Flow-3

00000000000 000000 AR
OSSN WWA RN DNNRPOOO O =
OO OO OO NONOTO0IOGo o~

oo
oo
oo

Viscose flow Jan 12 2010: Cycle=13 Time= 2.3000e-4 dt= 2.5563e-5 P2 Nodes=8170 Cells=4645 RMS Err= 0.0551
Reynolds number max= 12445.39 Integral= 2.309626e-4

Contour of Lithium velocity module;
no electrical current yet.

Pressure drop

Lithium Lens with Viscous Flow-2
e ‘ ‘ ‘

v
{norm} on y=0

max
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<3 -2: = 0. 1. 2 3.
X

just Viscose flow 2: Grid#2 P2 Nodes=7723 Cells=4357 RMS En= 0.3994
Stage 2

e-2

Vectors of velocity; no electrical
current yet.
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Lithium Lens with Viscous Flow-3
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Viscose flow Jan 12 2010: Cycle=2 Time= 5.7500e-5 dt= 2.8750e-5 P2
Reynolds number max= 34173.52
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FlexPDE 6.11

v

ony=0
zoom(0,-hv+hw,rl,2*(hv-hw))

max

18

18

17

17

17

i

2 Zoomed
14

1 more
12

12

11

min 0.00
Nodes=18469 Cells=12705 RMS Err= 0.0427

Vectors of velocity zoomed

Lithium Lens with Viscous Flow-3
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Viscose flow Jan 12 2010: Cycle=2 Time= 5.7500e-5 dt= 2.8750e-5 P2 Modes=18469 Cells=12705 RMS Err= 0.0427

Reynolds number max= 34173.52

Vectors of velocity in transition volume

Lithium Lens with Viscous Flow-3
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18:54:40 1/9/10
FlexPDE 6.11
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Viscose flow Jan 4 2010: Cycle=2640 Time= 0.0758 dt= 2.5563e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615
Reynolds number max= 0.053353

Lithium Lens W|th Vlscous Flow-2 11:11:05 1/15/10
o : i i FlexPDE 6.11
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just Viscose flow 2. Cycle=30 Time= 1.1500e-3 dt= 4.0900e-5 P2 Nodes=8745 Cells=4959 RMS Err= 5.8e-4

Re= 2353.704

Vectors of velocity just below outlet tube



Lithium Lens with Viscous Flow-3 12:10:50 1/25/10
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Viscose flow Jan 28 2010: Cycle=205 Tjme= 2.3000e-3 dt= 1.0225e-5 P2 Nodes=39225 Cells=27733 RMS Err= 0.0609
Reynolds number max= 829.9611

\Vortex motion is™_
clearly seen here ' B ]

Lithium Lens with Viscous Flow-3
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Viscose flow Jan 28 2010: Cycle=205 Time= 2.3000e-3 dit= 1.0225e-5 P2 Nodes=39225 Cells=27733 RMS En= 0.0608

Reynolds number max= 829.9611

Lithium Lens with Viscous Flow-3
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Viscose flow Jan 15 2010: Cycle=14 Time= 2.5875e-4 dt= 2.5563e-5 P2 Nodes=19316 Cells=13339 RMS Err

Reynolds number max= 6655.362

Zoomed

Reynolds number max= 829.9611 Integral= 5.512972e-3
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Viscose flow Jan 28 2010: Cycle=205 Time= 2.3000e-3 dt=1.0225e-5 P2 Nodes=39225 Cells=27733 RMS Err= 0.0609



Lithium Lens with Viscous Flow-3
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Pressure
ony=0

max

Zoomed

Lithium Lens with Viscous Flow-3
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Viscose flow Jan 28 2010: Cycle=135 Time= 1.4950e-3 dt= 1.0225e-5 P2 Nodes=55609 Cells=39554

Integral= 4451.796

Lithium Lens with Viscous Flow-3
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Jump ~X10°Pa ~5@tm

Pressure history

Viscose flow Jan 4 2010: Cycle=159 Time=45237e-3 dt=2.6118e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.061
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Viscose flow Feb 2 2010: Cycle=165 Time= 1.8400e-3 dt= 1.0780e-5 P2 Nodes=73398 Cells=52442 RMS Err= 0.0304
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Reynolds number max= 1635.005 Integral= 278.4650
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p@p(%—}v E@rad(T)j—div(k rgrad(T)) + P V) = (] (E) + 0 %{ﬂ?(m)}

o ‘ ‘ ‘ ‘ ‘ ‘ Fi 6.11

Lithium Lens with Viscous Flow-3 10: 52%8/10 Beam ; not used h e re

Ohmic losses.

Viscose flow Jan 4 2010: Cycle=47 Time= 1.2075e-3 dt= 2.5563e-5 P2 Nodes=1774] Cells=12198 RMS Err= 0.0637
Dissipation= 4241455 Integral= 3.035366e+7

: oV oV || ov ov;
phi=g; —-=n [[ e .JOXJ % .,OXJ Not used in this run

Vox, ox |l 0% ox
/

v YL () L), 20w Y 1w ov,) (v, ay,Y S
m{(@x) +[ay}+(azj (ay &% [E ayj 2(&+E) enbel
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Lithium Lens with Viscous Flow-3 10:15:09 1/7/10

- e3 6 ! 1 i FlexPDE 6.11

Temperature profile
on y=0
on region body

max 495, \

£ Jump~200

e-3 .
X min 315.

Viscose flow Jan 4 2010: Cycle=405 Time= 0.0115 dt= 2.5563e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615
Dissipation= 1.009784e-19 Integral= 0.043638

Central region of lens

Lithium Lens with Viscous Flow-3 18:54:40 1/9/10
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Temperature profile
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max 429,
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Viscose flow Jan 4 2010: Cycle=2664 Time= 0.0764 dt= 2.5563e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615
Dissipation= 1.079542e-151 Integral= 0.033990
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Lithium Lens with Viscous Flow-3 10:15:09 1/7/10
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Viscose flow Jan 4 2010: Cycle=405 Time= 0.0115 dt= 2.5563e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615

Lithium Lens with Viscous Flow-3 18:54:40 1/9/10
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Viscose flow Jan 4 2010: Cycle=2662 Time= 0.0764 dt= 2.5563e-5 P2 Nodes=17741 Cells=12198 RMS Err= 0.0615



Lithium Lens with Viscous Flow-3
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Viscose flow Jan 28 2010: Cycle=205 Time= 2.3000e-3 dt= 1.0225e-5 P2 Nodes=39225 Cells=27733 RMS Err= 0.0609

Dissipation= 149575.4 Integral= 0.048271

Hot fractions located in central region

Lithium Lens with Viscous Flow-3
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Viscose flow Jan 28 2010: Cycle=205 Time= 2.3000e-3 dt= 1.0225¢-5 P2 Nodes=39225 Cells=27733 RMS Err= 0.0609

Temperature history

So all Lithium case is keeping at fixed temperature, the tertypenamp of

Lithium is minimal.
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o ““\
circulation of liquid Lithium due to magnetic force helps in reductbtemperature in
- central region of windows, thanks to forced mixing.

Calculated pressure and temperature profiles confirmed that parametelens are
technically reasonable. Generally, the temperature rise is belé@ &iming to a total of ~100
°C with beam as the beam duty of train is ~1 msec. So far there is no indicdto@vitation.

We recommend increase of length of space occupied by Lithium (in direatong the beam
pass) to ~m(from~0.6¢cm). This brings reduction of current to ~70 KA.

We also slightly modified the configuration of junction between Lithiumraytical container
and the buffer toroid-like volume. This improved linearity of integrated fia&dfunction of
transvers coordinat.

Numerical code developed allows further investigation of Lithium lens dycsmnd easy
modification of geometry.

Stress-strain in windows, Shock waves and Cavitations introduced by the \wéhime
investigated in future, while funds allow.

Usage of FlexPDE computer code looks adequate here.

Best test for liquid Lithium lens is fabrication of full scal e prototype:
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1.Test of Lithium pump (electromagnetic vs mechanical pump)

2. Best conditions for Lithium flow (pressure, pressure drop)

3. Thermal conditions (insulation, cooling, temperature control)

4. Starting procedure (warming, pumping start)

5. Full scale Power Supply (single thyristor, dtiets PS is good for Flux concentrajor
6. Operation without beam (full current, repetition rate )

7. Test with beam (electron/positron/proton beam)

Just this one

Reverse Switched Dinistors (RSD) for peak current from 28@k500 kA
and blocking voltage of 2400 V, encapsulated in hermeticairetramic
housing and without housing (RSD sizes of 64, 76 and 100 mm)

vidye
4’9:
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